It is the heart of the matter for development and utilization of photovoltaic (PV) station connecting grid to raise the level of short-term PV generation prediction. In addition, it is important to improve the solar photovoltaic power development and utilization and ensure the safety of the grid. This paper presents solar battery dc simplified model based short-term prediction method for urban distributed PV generation. To put into operation for the PV station recently, the proposed method owns higher accuracy. Finally, by comparing to the actual measured data with the predicted data, the experimental results have verified the validity and correctness of the proposed method.
Introduction
In recent years, energy crisis has become a global issue, and there is a strong growth in solar power generation development that requires prediction of solar irradiance to estimate the amount of the solar energy that a photovoltaic system can provide. However, due to influences of the solar irradiance and the climate factor, the output power of PV system is variability and intermittent. The solar power generation system connecting with grid can affect safety, stability and economy of grid system. The generated power of PV will be beneficial to adjust the power dispatch scheduling plan of the power system dispatching department, thus it can effectively reduce the negative influence of PV system [1, 2] .
The prediction method of PV system power generation can be summarized as the following two categories [3] : (a) Solar Irradiance Prediction (SIP) is an indirect prediction method and regarded as a kind of effective prediction method. Under the condition of reasonable model and accurate parameters, prediction results are higher accuracy. However, it depends on complex model of the solar radiation, output characteristic model of PV power generation system and detailed and accurate climate-forecast information. (b) Historical output data of PV power generation system is a direct prediction method. For a given PV power generation system, the power output data is implicit in historical data. Using the historical data can be directly predicted output power and reduce complexity of prediction model. Because PV power generation systems related historical data (historical meteorological data, historical solar radiation data, historical output power data, etc.) must accumulate, and the choice of model input parameters also puts forward higher requirements.
The short-term prediction method based on historical data is relatively suitable to urban distributed PV generation station. However, the newly built PV generation stations lack of relevant historical data, so the prediction method can adopt short-term prediction method based on solar radiation and PV power generation system model [4, 5] . This paper presents solar battery dc simplified model based short-term prediction method for urban distributed PV generation system. Through the solar radiation model, PV power generation system output model and detailed and accurate climate-forecast information, the short-term prediction results can be very accurate. Finally, through the calculation of the actual system, the experimental results have verified the validity and correctness of the proposed method.
Input Variables of Prediction Model
There are many factors which can affect output power of the PV generation system, such as intensity of solar irradiance, efficiency of inverter conversion, installation angle of solar panel, temperature, air pressure, etc. Considering the existing PV power generation systems, all of them run in the Maximum Power Point Tracking (MPPT) model under the condition of relatively stable power conversion efficiency [4] . When the system works, although the power conversion efficiency and the PV conversion efficiency will change with time, variation of them is very small and their simple models can be realized.
The influences of the weather factors affecting the PV system output power is very obvious, and it is derived from the different intensity of solar radiation in varied weather types. Even in the same season, the output power curve would have great change as the different weather types. The change not only embodies in the change trend of output power, but also the output-power value.
Seasonal solar-radiation intensity differences have also led to a seasonal variation in the output of the PV generation systems. Under the condition of the same weather type, as the varied seasons the output power has differences, this is mainly caused by difference of solar radiation intensity in different seasons.
The air temperature also has certain influence to the output power. In the same season, weather and solar-radiation intensity, as air temperatures rise, the output power of PV generation system fell slightly. This is mainly due to the rise of air temperature leading to high-operating temperature of the solar panels, and the output power of PV generation system is affected.
From the above analysis, we can find the output power of PV generation system is closely related to the weather, the season and the air temperature.
Short-term Prediction

The Instantaneous Value of the Solar Radiation Intensity
The solar-radiation intensity of the corresponding time can be obtained through the model of the instantaneous intensity of the solar-radiation prediction or the directly given value. 
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The temperature value of the corresponding time can be obtained directly through the Eq. 1, combined the maximum and minimum temperature of the weather prediction. The temperature formula representation is as Formula (1).
Where, Tmax denotes the maximum temperature of the weather prediction on the predicting day. Tmin denotes the minimum temperature of the weather prediction on the predicting day. And t is the 24-hour time value.
The Total Output Power of PV Generation System
If PV generation system is composed of K photovoltaic array, the total output power of PV generation system [6] can be obtained by Eq. 2.
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Where Pout is the total output power of PV generation system, Pi is the total output power of ith photovoltaic array, K is the number of the photovoltaic arrays, Pi,max is the maximum-theory output power of i th photovoltaic array, and ηi is the comprehensive efficiency of ith photovoltaic array.
If every solar battery cell of photovoltaic arrays has the same model parameters, the ith photovoltaic array is composed of Mi cells in series, and then Ni photovoltaic arrays connected in parallel. We can assume that each battery is approximate equal to the same theoretical output power Pmax, and the total output power of the PV system Pout can be found by Eq. 3.
As observed in Eq. 2 and Eq. 3, the comprehensive efficiency of photovoltaic array ηi and the theoretical output power Pmax are keys of the output power prediction of PV generation system.
In the PV generation system, if every solar energy battery owns the same parameters, the number of solar battery cell of every PV array is consistent, and the comprehensive efficiency of every photovoltaic array has equal, the total output power of PV generation system Pout can be obtained by Eq. 4.
The Maximum Theory Output Power of the Solar Energy Battery
The two parameter simplified dc model of the solar battery [7, 8] is as follows, According to the Eq. 6 and Eq. 7, the C1 and C2 can be obtained under STC. And I-V characteristics of the solar battery can be established. Coupled with the solar battery parameters with the intensity of solar radiation and temperature change calculation formula of the solar battery, can establish I-V characteristics of solar battery on specific condition (the theory maximum output power of the solar battery). In other words, through the solar-radiation intensity and temperature of the corresponding time, the theory maximum output power of the solar battery can be obtained.
The Comprehensive Efficiency of the Photovoltaic Array
The comprehensive efficiency of the photovoltaic array can be found by Eq. 8.
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Where ηi,MPPT is the efficiency of MPPT. ηi,Inverter and ηi,Transformer are efficiency of the transformer and the grid inverter respectively. Manufacturers usually provide the nonlinear curve of the grid inverter and transformer efficiency, in order to reduce the quantity and the convenience of calculation, the normal efficiency can be used commonly.
Prediction Steps
Determine the corresponding interval predicted value of instantaneous solar radiation intensity value.
Determine the temperature value of corresponding time interval directly by means of the temperature change formula, combining with the maximum temperature and minimum temperature of meteorological weather forecast.
According to the characteristics of photovoltaic array in photovoltaic power generation system, total output power formula of photovoltaic power generation system calculation will be obtained.
According to the solar battery two-parameter simplified DC model, using the instantaneous solar radiation intensity value under the appropriate time determined in step 1 and the temperature of the corresponding time interval determined in step 2, the maximum output power of solar battery cell can be calculated at corresponding time interval in theory.
Determine the comprehensive efficiency of PV array. According to the total power output calculation formula of photovoltaic power generation system determined in step 3, short-term power output value can be predicted.
The Analysis of Prediction Results
It is necessary for an accurate evaluation of prediction model to adopt a certain evaluation index; the most commonly used evaluation index of prediction is the Mean Absolute Percentage Error (MAPE) [9] .
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Where N is the total number of data; Pi,f is the ith predicted value; Pi,a is the ith actual value. For fear of |Pi,f -Pi,a|/Pi,a approaches to infinity, the set of values will be eliminated, if Pi,a closes to zero.
To investigate the forecasting accuracy of solar battery two-parameter DC simplified model based short-term prediction method, July 24, 2014 and April 21, 2014 are chosen for predict test. The related parameters of a PV power generation systems are shown in Table 1 Table 2 . Parameters of PV array.
Parameters Values
The total number of the PV array K 4
The solar cell serial number M 12
The solar cell parallel number N 3
MPPT efficiency ηi, MPPT 0 . 9 9
The efficiency of reliability ηi, Reliability 0 . 8 5
Grid inverter efficiency ηi, Inverter 0 . 9 3
Transformer efficiency ηi, Transformer 0 . 9 July 24, 2014 was in summer season, the weather was fine and the temperature was between 33℃ and 13℃. Predicted value and actual value curve is shown in Figure 1 , the specific value shown in Table 3 , the mean absolute percentage error is 34.7%, which indicates higher forecasting accuracy.
April 21, 2014 was a spring day with the weather of light rain, the highest temperature was 13 ℃ and minimum temperature was 6 ℃. Predicted value and actual value curve is shown in Figure 2 , the specific value shown in Table 4 , the mean absolute percentage error is 47.6%, prediction accuracy is higher.
From the predicted results of July 24, 2014 and April 21, 2014, it can be inferred that, under the relative accurate parameters of photovoltaic power generation system, the simplified two-parameter dc model of solar battery based photovoltaic power generation short-term prediction method has higher prediction accuracy and ideal forecast effect, no matter shine or rain. 
Conclusion
This paper presents a Solar battery dc Simplified model Based Short-Term Prediction Method. Through the solar battery dc model of two parameters, it combines with the intensity of solar radiation prediction, and realizes effective and accurate short-term power generation forecasting to the distributed photovoltaic power stations of emerging city without historical data. Finally, by comparing the predictive test and the actual power, accuracy of the scheme can be verified.
